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Characterization methods - American Society for Testing and 
Materials (ASTM)
Analysis performed at Laboratory for Quality Control of Clean Products 
Terminal "El Beaterio" 
Characterization of waste motor oil
Norm Method
ASTM D56 Standard Test Method for Flash Point by Tag Closed Cup Tester
ASTM D86
Standard Test Method for Distillation of Petroleum Products at 
Atmospheric Pressure
ASTM D1298
Standard Test Method for Density, Relative Density (Specific 
Gravity), or API Gravity of Crude Petroleum and Liquid Petroleum 
Products by Hydrometer Method
ASTM D2270
Standard Practice for Calculating Viscosity Index from Kinematic 
Viscosity at 40 and 100ºC
ASTM D4294
Standard Test Method for Sulfur in Petroleum and Petroleum 
Products by Energy-Dispersive X-Ray Fluorescence
Table 1 Characterization methods 
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Characterization methods - American Society for Testing and 
Materials (ASTM)
Determination of 
sulfur content
Flash Point  
[°C]
Distillation  
[°C]
API gravity  
[°API]
Kinematic 
Viscosity [cSt]
Sulfur content 
[%p/p]
Diesel #2 Min 51 Max 360 32-39 2.5-6 Max 0.7
Waste motor oil 69 380 29.6 113.14 0.364
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Previous investigations
Temperature 
[C˚]
300 310 320 330
Catalyst --
Al/Si
Al/Si-
Zn 1%
Al/Si-
Zn 2%
- Materials  Glass batch reactor
 Cracking equipment
- Constant parameters  100 g of waste motor oil
 1g of catalyst
- Variables
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Hidrothermal
treatment
Filtration
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Drying
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Agitation
Water/ethanol
Catalyst
Reactives
for 
catalyst 
preparati
on
Tetraethylorthosilicate TEOS -
C8H20O4Si 
Aluminum Tri-sec-butylate
TBA - Al[OCH(CH3)C2H5]3
Triton™ X-114 - (C2H4O)n 
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Abreviation
Impregnated 
metal
Cracking
Temperature 
[°C]
Yield [%]
Blank - 356 57
Carioca - 354 60
Grace Davison - 355 61
Al/Si - 339 62
Al/Si-Cu1% Copper 353 62
Al/Si-Zn 1% Zinc 333 63
Al/Si-Zn 2% Zinc 285 65
Al/Si-Ni1%pH Nickel 325 62
Table 3 Previous studies on cracking reaction (Benedik S. and Almeida D., in progress) 
Previous investigations
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Al/Si
Al/Si
Zn1%
Al/Si
Zn2%
Reaction 
temperature
Reaction 
time Yield
Selectivity
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Waste motor 
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Cracking product
105241228136230 HCHCHCHC ++→
Cracking 
reaction
Experimental Results
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Experimental Results
a) Thermal cracking 
reaction. 
b) Catalytic cracking 
reaction Al/S 
matrix.
c) Catalytic cracking 
reaction Al/Si 
matrix doped with 
Zinc 1%. 
d) Catalytic cracking 
reaction 
Al/Simatrix doped 
with Zinc 2%.
Figure 1 Concentration of waste motor oil during cracking reaction
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Experiment Temperature [°C]
Differential analysis
a b R2
Thermal
300 21165 -0.002 0.9814
310 200.7 -0.002 0.9751
320 199.59 -0.002 0.9913
330 224.5 -0.026 0.9677
Al/Si
300 204.02 -0.001 0.8951
310 207.51 -0.001 0.9935
320 202.66 -0.003 0.947
330 201.29 -0.033 0.9828
Al/Si Zn 1%
300 200.7 -0.0005 0.904
310 199.78 -0.004 0.9865
320 188.31 -0.008 0.9837
330 237.88 -0.033 0.9914
Al/Si Zn 2%
300 201 -0.0006 0.9452
310 209.36 -0.003 0.9989
320 179.54 -0.014 0.9449
330 230.27 -0.047 0.9936
Table 4 Summarized results of exponential regression
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a) Thermal cracking 
reaction. 
b) Catalytic cracking 
reaction Al/S 
matrix.
c) Catalytic cracking 
reaction Al/Si 
matrix doped with 
Zinc 1%. 
d) Catalytic cracking 
reaction Al/Si 
matrix doped with 
Zinc 2%.
Figure 2 Linear regression for experimental data
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a) Thermal cracking 
reaction. 
b) Catalytic cracking 
reaction Al/S 
matrix.
c) Catalytic cracking 
reaction Al/Si 
matrix doped with 
Zinc 1%. 
d) Catalytic cracking 
reaction 
Al/Simatrix doped 
with Zinc 2%.
Figure 2 Linear regression for experimental data
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Experiment Temperature [°C]
Temperature dependence
m b R2
Thermal
300 1.0038 -2.7098 0.9751
310 1.2310 -3.2380 0.9814
320 0.8022 -2.2447 0.9913
330 0.9859 -1.5738 0.9677
Al/Si
300 0.8876 -2.7453 0.8951
310 0.8188 -2.5823 0.9935
320 0.7154 -2.3449 0.9962
330 0.9906 -1.4698 0.9828
Al/Si Zn 1%
300 0.7333 2.6937 0.9821
310 0.8405 -2.1516 0.9819
320 0.9946 -2.0923 0.9837
330 0.9876 -1.4325 0.9914
Al/Si Zn 2%
300 0.7077 2.5536 0.9773
310 0.8848 -2.2557 0.9989
320 1.1992 -2.1346 0.9449
330 0.9139 -1.2060 0.9936
Table 5 Summarized results of exponential regression
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Experiment
Temperatu
re [°C]
Kinetic parameters
Reaction order, n[-]
Activation 
Energy, Ea
[kJ/mol]
Reduction of Ea
[%]
Thermal
300
1.0 ± 0.1 370.39 -
310
320
330
Al/Si
300
1.0 ± 0.1 304.39 17.82
310
320
330
Al/Si Zn 1%
300
0.8 ± 0.1 280.71 24.21
310
320
330
Al/Si Zn 2%
300
0.9 ± 0.2 278.37 24.84
310
320
330
Table 6 Kinetic parameters of cracking reactions
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Flash Point  
[°C]
Distillation  
[°C]
API gravity  
[°API]
Kinematic 
Viscosity [cSt]
Sulfur content 
[%p/p]
Diesel #2 Min 51 Max 360 32-39 2.5-6 Max 0.7
Waste motor oil 69 380 29.6 113.14 0.364
Thermal 
cracking
65 354 37.4 4.65 0.1614
Catalytic 
cracking Al/Si
68 342 38.9 4.67 0.1403
Catalytic 
cracking Al/Si 
Zn 1%
69 343 38.5 4.78 0.1305
Catalytic 
cracking Al/Si 
Zn 2%
70 345 39.1 4.72 0.1264
Table 7 Characterization of waste motor oil and product from cracking process
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Figure 3 Products of cracking reactions
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Figure 4 Conversion of the waste motor oil as function of temperature
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• The final product of the different processes of thermal and catalytic 
cracking meets all necessary requirements for diesel # 2.
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Conclusions
Parameter Thermal cracking
Catalytic cracking 
Al/Si
Catalytic cracking 
Al/Si Zn 1%
Catalytic cracking 
Al/Si Zn 2%
Reaction 
order, n, [Ea]
1.0 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 0.9 ± 0.2
Activation
energy Ea
[kJ/mol]
370.39 304.39 280.71 278.37
Reduction in 
activation
energy [%]
- 17.82 24.21 24.84
Conversion
XA (T=330°C)
0.77 0.85 0.86 0.9
Table 8 Summarized results
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Design and construction of a fixed bed reactor for 
the conversion of waste motor oil into liquid fuels
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Further investigations
Figure 5 Glass fixed bed reactor
Recirculation
Fixed bed reactor
Feedstock
Condenser
Heating 
section
Cracking 
product
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Design and construction of a fixed bed reactor for 
the conversion of waste motor oil into liquid fuels.
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Figure 6 Stainless steel fixed bed reactor
Heating sectionFeedstock Fixed bed reactor Flash distillation column
Condenser Cracking 
product
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Thank you for your attention!
Questions?
Contact information:
Dr.-Ing. Daniela Almeida
Email: dalmeida@usfq.edu.ec
Phone: +(593)2297-1700  ext 1420
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